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Acupuncture is a therapy based on sensory stimulation of the human body by means of metal needles. The exact underlying
mechanisms of acupuncture have not been clariﬁed so far. Functional magnetic resonance imaging (fMRI) has become an
important tool in acupuncture research. Standard acupuncture needles, which are made of ferromagnetic steel, however, are
problematic in acupuncture-fMRI studies for several reasons, such as attraction by the scanner’s magnetic ﬁeld, signiﬁcant image
distortions and signal-dropouts, when positioned close to the head or even heating due to absorption of radio frequency (RF).
The aim of this study was to compare two novel types of acupuncture needles with a standard needle for their eﬀect on MRI image
quality. The standard needle severely reduced image quality, when located inside the RF coil. The nonferromagnetic metal needle
may pose a risk due to RF heating, while the plastic needle has a signiﬁcantly larger diameter. In conclusion, our recommendations
are: (1) standard needles should not be used in MRI; (2) Nonferromagnetic metal needles seem to be the best choice for acupoints
outside of the transmitter coil; and (3) only plastic needles are suited for points inside the coil. Laser acupuncture may be a safe
alternative, too.
1.Introduction
Functional magnetic resonance imaging (fMRI) has been
used since the late nineties to study possible underlying
mechanisms of acupuncture [1, 2]. In the meantime, more
than 70 studies have been conducted, producing a large
variety of results [3]. In a typical experimental setting,
acupuncture stimulation is applied while the subject is being
scanned, which necessitates the use of acupuncture needles
inside or close to the magnet of the MR scanner. As standard
acupuncture needles are usually made of ferromagnetic steel,
this poses an important problem for several reasons. (1) Like
all ferromagnetic objects, these needles experience a force in
the magnetic ﬁeld of the MR scanner, which is dependent on
the magnetic ﬁeld strength and directed towards the area of
highest homogeneity of the ﬁeld. As this area lies inside the
scanner bore, where the head of the subject is located, a loose
needle poses a threat especially for the eyes of the subject.
(2) Ferromagnetic objects severely distort the scanner’s static
magnetic ﬁeld. While this is a minor problem when the
needle stays outside of the bore, it can lead to signiﬁcant
image distortions and signal drop-outs if the needle is close
to the investigated area. (3) As acupuncture needles are also
conductors for electric currents, they can in theory heat
up during radio frequency (RF) transmission inside the RF
transmit coil. This risk of heating increases further, if leads
are attached as in electro-acupuncture.
For these reasons, most scientists working in the ﬁeld
have so far restricted their choice of stimulation sites to
the body’s extremities. However, a number of important
acupuncture points are situated at the torso or even on
the head. In addition to classical points from Chinese body
acupuncture, a number of so-called microsystems have to
be mentioned here: Chinese ear acupuncture [4, 5], French
ear acupuncture [6], Chinese scalp acupuncture [7], and
Yamamoto new scalp acupuncture (YNSA) [8, 9]. So far,
acupuncture points of these systems have hardly been used
in acupuncture-fMRI studies [10], although they may be
interestingtargetsbecauseofthedirectstimulationofcranial
nerves.
Another possibility to avoid MR-related problems is to
use needles made from non-ferromagnetic materials like
silver or gold. However, most available needles are only
silver- or goldplated and still have a steel core. On the2 Evidence-Based Complementary and Alternative Medicine
Table 1: Technical speciﬁcations of the diﬀerent acupuncture needles compared in this study.































Figure 1: The diﬀerent acupuncture needles compared in this
study: (1) standard acupuncture needle, (2) non-ferromagnetic
needle, and (3) modiﬁed peripheral I.V. catheter: (a) catheter
without mandrin, (b) catheter with mandrin, (c) steel mandrin
(to be removed after insertion and before application in MR
environment).
other hand, pure silver or gold needles are very soft and
tend to bend upon insertion, making their application in
an MR experiment, where timing is extremely important,
problematic. Furthermore, pure silver or gold one-way
needles are expensive and can only be obtained from a few
manufacturers in Japan (e.g., Asashi Industry, Kawaguchi;
Maeda Toyokichi Shoten, Tokyo). It should be mentioned
that silver and gold needles are often very soft which
makes reliable machining without burrs on the metal surface
impossible. Upon insertion, these burrs can cause a sharp
pain in subjects. A further option is to use titanium needles,
which are stiﬀer than sliver and gold needles. They can be
used with thinner gauges and machined with a smoother
surface. Unfortunately, titanium needles are hardly on the
market as no manufacturer is producing them for general
sale at the moment.
The aim of this study was (1) to compare two novel types
of experimental acupuncture needles (non-ferromagnetic
metal and plastic) with a standard ferromagnetic needle for
their eﬀect on image quality in anatomical and functional
MRI,(2)togivesomeadviceonsafetyissuesinrelationtothe
use of electrically conducting needles, and (3) to name the
advantages and disadvantages of the diﬀerent needle types
which might help to choose the most appropriate needle for
a speciﬁc experimental set-up.
2.MaterialsandMethods
The study was conducted following the Declaration of
Helsinki on Biomedical Research Involving Human Subjects.
The University of Frankfurt Medical Faculty Ethics Review
Board approved the study protocol. Informed written con-
sent was obtained from the subject.
2.1. Needle Types. In this study, we tested three types of
needles for their applicability in the MR environment and
their eﬀect on MR image quality: a standard acupuncture
needle made from ferromagnetic steel, a custom-made non-
ferromagnetic metal needle, and a modiﬁed peripheral I.V.
catheter (original idea by Schockert et al. [11]). For details
see Table 1 and Figure 1.
2.2. MRI Measurements. All measurements were performed
on a whole body 3T Magnetom TRIO Scanner (Siemens,
Erlangen, Germany) equipped with a body coil for RF
transmission and an 8-channel phased array receive only
head coil. For fMRI, a T2∗-weighted gradient-echo Echo
Planar Imaging (EPI) sequence [12] with a TR of 2500ms, a
TE of 30ms, a FOV of 192mm × 1 9 2m m ,a n daﬂ i pa n gl eo f
90degreeswasused.Thematrixsizewas64 ×64,resultingin
an in-plane resolution of 3 × 3mm 2. A total of 38 axial slices
(thickness 2.5mm, gap 1.25mm) were collected for whole
brain coverage. Ten consecutive volumes were acquired and
ameanimagewascalculatedusingFSL4.1(FMRIB,Oxford).
Foranatomicalreference,aT1-weightedMP-RAGEsequence
[13] with an isotropic resolution of 1mm was collected.
Prior to the measurement, the needle was placed on a
cotton swab and attached securely to the head with adhesive
tape directly above the YNSA point “basal ganglia”, which is









Figure 2: (a) Structural images (MP-RAGE). (b) Functional images (EPI). Top row: standard needle (1) causing severe image distortions
as well as areas of complete signal loss; middle row: non-ferromagnetic needle (2); bottom row: modiﬁed peripheral I.V. catheter (3). Both
non-ferromagnetic alternatives (2, 3) did not disturb the image acquisition.
needle was not allowed to touch the skin in order to prevent
injury by possible heating up of the needle.
3. Results
Figure 2 shows the image quality results for the three nee-
dle types. The standard ferromagnetic acupuncture needle
caused severe distortions in the anatomical image (MP-
RAGE) as well as distortions and signal drop-outs in the EPI
image. In contrast, none of the other two needles caused
visible distortions or drop-outs in any of the measurements.
We encountered no further problems when using the needles
inside of the head coil.
Judging from the image quality results, it is evident
that both the non-ferromagnetic needle and the modiﬁed
catheter can be used to administer acupuncture stimulation
in the MR scanner at sites close to or even on the head.
4. Discussion
Although we did not encounter any problems other than
the degraded image quality in this study, some safety
considerationsarerequiredwithrespecttothemetalneedles.
In principle, all electrically conducting material can act as
antenna and consequently heat up due to eddy currents
induced by ﬂuctuating electromagnetic ﬁelds such as the
RF used for spin excitation or the magnetic ﬁeld gradients
used for spatial encoding. As shown in a previous study,
the material surrounding the wire tip is particularly prone
to RF heating, especially for decreasing wire diameter [14].
This eﬀect can lead to temperature increases of more than
60◦C when resonance conditions for the antenna eﬀect
are met [15] with the strongest heating at the tips. This
is the case when the length of the conductor inside the
RF coil corresponds to a multiple of the resonant length,
which is 1.17m at 3Tesla. Although heating has been shown
to be noticeable for a conductor length of somewhat less
than half the resonant length, there are hardly any eﬀects
for shorter conductors as shown by Dempsey et al. [15];
that is, the probability of signiﬁcant heating of a needle
of approximately 5cm is very low. However, the danger
of heating resulting in injury increases considerably when
conducting cables are attached for electrostimulation via the
acupuncture needle. Firstly, the total length of the conductor
increases by the length of the cable which could come closer
toaresonantlengthwhereheatingmightoccur.Secondly,the
eﬀect of electromagnetic induction heating can occur when
a circuit in (or close to) resonance is formed due to loop
formation, with temperature increases of more than 60◦C




Figure 3: Laser acupuncture is another safe alternative to the use of
needles in the MR environment. This image shows the Laserneedle
device, where the laser beam is guided to the acupuncture point by
means of ﬁbre optical cables. (a) Connector between cable and laser
(outside of the scanner room); (b) optode with silicone adapter for
application on the skin; (c) optode without adapter. (This image
shows a non-MR-safe version of the laser.)
MR environment, great care has to be taken to ensure subject
safety.Ananalogousproblemisencounteredinsimultaneous
EEG-MRI acquisitions, so the same safety considerations
are valid and the safety devices proposed for EEG-MRI
[16,17]shouldbeadaptedappropriately.However,adetailed
discussion of the technical requirements would be beyond
the scope of this paper.
In contrast, magnetic ﬁeld gradients that are used for
spatial encoding do not pose a heating problem due to
the following reasons: (1) the switching frequency of the
gradients is in the kHz-range, that is, a factor of 1000 lower
thantheRFfrequency(whichisintheMHzrangeforclinical
MR scanners), so the resonant length exceeds the needle size
by a factor of 103 to 104; (2) typical gradient switching rates
are in general low to avoid peripheral nerve stimulation.
In summary, the following advantages and disadvantages
for the three needle types were found: the standard fer-
romagnetic acupuncture needle is the cheapest alternative.
However, it cannot be recommended for acupuncture-fMRI
studies, unless the stimulation site lies at the very distal part
of the extremities. Even so, a loose needle can become a
threatforthesubjectifacceleratedtowardsthesubject’shead.
The non-ferromagnetic needle can be used exactly like a
standard needle. It is suitable for acupuncture-fMRI studies,
even for ear and scalp acupuncture. Due to its short length,
the risk of RF heating is low, but cannot be wholly excluded.
So far, no acupuncture-fMRI study has reported burns due
to heating of needles inside the MR scanner. However, if
conducting cables are attached for electro-stimulation, the
risk of heating, resulting in injuries is considerably increased,
as described above. Due to these facts and as several other
experimental parameters (the discussion of which is beyond
the scope of this paper) inﬂuence heating, extensive safety
testing is highly recommended before performing acupunc-
ture experiments in an MR scanner. In particular, only
sequences with a low speciﬁc absorption rate (SAR), that is,
low levels of RF power should be used, such as gradient-echo
EPI for fMRI and T1-weighted gradient-echo sequences with
low excitation angles for anatomical reference.
The modiﬁed catheter is nonmagnetic and nonconduct-
ing. Therefore, it is perfectly suited for acupuncture-fMRI
studies. However, due to its relatively large diameter of
0.64mm, its application can be considerably more painful.
It should therefore not be used for acupuncture of sensitive
areas such as the ear.
It should be noted that apart from the choice of
appropriate needles, further problems need to be solved
when using acupoints located on the head: a major issue is
the diﬃculty of manipulating the needles inside the scanner.
A possible solution might be laser acupuncture [18]. In our
research facility, we have frequently used a custom-made
laser acupuncture system (Laserneedle EG, Wehrden, Ger-
many),whichconsistsofamultichanneldiodelaser(685nm,
40mW) with ﬁber optical cables and optodes attached to the
skin with a silicone adapter and adhesive tape (see Figure 3).
In contrast to hand held laser acupuncture devices, this
systemallowsasimultaneousstimulationofanyacupuncture
point combination and even fulﬁls the requirements to
perform double-blind investigations. For use in the MRI,
the optodes were modiﬁed to prevent interactions with the
magnetic ﬁeld. The ﬁbre optical cables of the laser needle
optodes were fed through a waveguide in the Faraday cage of
thescannersothesystemcouldbeoperatedfromtheoutside.
Other groups have successfully used laser acupuncture in
fMRI studies, too [19–21]. However, it should be noted that
although several studies suggest a similar eﬀect of laser and
conventional acupuncture [21–26], their equivalence has not
yet been fully established.
In summary, among the three needle types tested, the
non-ferromagnetic model seems to be the best choice for
the application in acupuncture-fMRI studies, if stimulation
points are situated on the torso or neck but outside of the RF
transmittercoil.ForpointsinsidetheRFcoil,werecommend
to use the modiﬁed catheter approach. Laser acupuncture
may be a safe alternative, too.
In conclusion, we hope that the approaches described
in this study will lead to new fMRI studies of acupuncture
points on the torso as well as on the microsystems on the
head.
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